(19) 



J 



(12) 



Europ2Jsches Patents rnt 
European Patent Office 
Office europeen des brevets (11) EP 0 944 123 A1 

EUROPEAN PATENT APPLICATION 



(43) Dated publication: 

22.09.1999 Bulletin 1999/38 

(21 ) Application number: 99104040.3 

(22) Date of filing: 16.03.1999 



(51) im a 6 : H01M 2122, H01M 2/20, 
H01M 2/02 



(84) Designated Contracting States: 


• Wtazume,HWeakl 


AT BE CH CY DE DKESR FRGBGRIE IT ULU 


MaebasM-sra\ Gunma (JP) 


MCNLPTSE 


• Matsu),T$utomu 


Designated Extension States: 


TakasakS-sh), Gunma (JP) 


ALLTLVMK RO SJ 


•ShlntzUpNoftyuM 




TakasaW-sM, Gunma (JP) 


(30) Priority: 18.03.1998 JP 6830898 


• Tanaka, Kayo 


18.03.1998 JP 6890998 


Ichihara-sW, Chlba (JP) 


(71) Applicant 


• Hosobuchl, Kaoru 


Tokyo (JP) 


TOSHIBA BATTERY CO, LTD. 


Tokyo (JP) 


(74) Representative: 


(72) Inventors: 


Modtano, Guldo, Dr.-ing. el al 


Modtano, Jostf, Ptsanty & Staub, 


• Tsukada, Masazuml 


Baaderstrasse3 


MaebasW-shl, Gunma (JP) 


80469 MQrtchen(DE) 


* NishDcawa, Reip 


Yokohama- shl, Kanagawa (JP) 
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(57) Provided are a battery and a lead member, 
designed so that high strength of weld between them . 
can be maintained with less variation despite the supply 
of lower welding current thereto when the lead member 
is welded to the outer surface cf the battery by the par- 
allel resistance welding method, and a battery pack 
using the same. A layer of an Ni-based aDoy, e.g., an 
Fe aDoy. is formed on a part or the whole of the outer 
surface of the battery. The lead member for battery con- 
nection is composed of a substrate and an Ni-Sn alloy 
layer formed on that surface of the substrate which is 
welded to the outer surface of the battery. The battery 
pack is composed of a battery group mat is assembled 
by using the battery and/or the tead member and stored 
inasheS. 
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Description 

BACKGROUND OF THE INVENTION 

5 pfM ttre Invention 

[0001] The present invention relates to a battery, a tead member tor battery connection (hereinafter referred to as lead 
member) welded to the outer surface of the battery by the parallel resistance welding method, and a battery pack using 
the same, and wore specifically, to a battery and a lead member having surface conditions such that high weld strength 
10 can be realized in a stable state between the lead member and a battery container 
is welded to the outer surface of the battery, and a battery pack using the same 

Prior Art 

15 [0002] Wrth the spread of various electric and electronic devices, an increasing number of devices have started to be 
designed so that they directly incorporate a battery pack that includes a plurality of connected batteries as drive 
sources. Charging or discharging the batteries of these devices requires use of lead members for electrical connection 
between the batteries and between package terminate and the batteries. Thus, a lead member must be fixed to the 
outer surface of each battery, eg., a part of the surface of its container, such as the cover or bottom portion thereof. 

20 [0003] FIGS. 1 and 2 show an example of the battery pack. 

[0004] FK1 lis a perspective view showing an outfine erf the battery pack Thfe battery pa* 
tery group (mentioned later) stored in a shell 1 that is formed of a material such as a porycarbonate resin or pdycar- 
bcrate/acx ytonitr fl e-btrtedi ene-styr en e resin. A positive terminal 6A and a negative terminal 6B are exposed from tie 
shell 1. Also exposed is a signal fetch terminal 6C for a built-in thermistor for the temperature control of the battery 

25 group, for example 

[0005] FK3L 2 is a perspective view schematically showing a battery group B. The battery group B includes three cyfin- 
dricaJ batteries 2A, 2B and 2C that are connected in series with one another. More spedficaDy, the bottom (negative 
terminal) of the battery 2A and the positive terminal of the battery 2B are connected by means of a tead member 3A, 
whSe the bottom (negative terminal} of the battery 2B and the positive terminal of the battery 2C are connected by 

so means of a lead member 3a One end of a lead member 3C is cwinected to tte 

the cjthererxi to the positive terminal 6Aof the battery pack A. One end of a lead merrber 3D iswxmectedtothebottom 

(negative terminal) of the battery 2C, and the other end to the negative terminal 68 of the battery pack A. 

[0006] Further, a thermistor 4 is interposed between the batteries 2A art 2B, and two sign^^ 

out of the thermistor 4. The one signal Bne 5A is connected to the signal fetch terminal 6C of the battery pack A, and 

35 the other signal tine 5B to the lead member 3D. 

[0007] It is to be linberstood that insulating members (not shown) are interposed as required between the batteries, 
between the batteries and the thermistor, etc. lest the batteries and the foermistor be shorted. 
[0008] Secondary batteries, such as nickel-cadmium secondary batteries, nickelnrnetal-hydride secondary batteries; 
lithium-ion secondary batteries, are frequently used as the batteries that constitute the battery group B. 

40 [0009] In general, each of these secondary batteries is constructed so that a specific power generating element is 
. stored together with a preserved electrolyte solution in a battery container, which is composed of an open-topped bat- 
tery can and a cover member closing the top opening of the can. 

[0010] Conventionally, the battery can, especially for alkaline batteries, is formed of an Nnplated steel sheet It is 
obtained by shaping a sheet of soft steel, such as very-low-carbon steel, into a specific bottomed can by plastic defor- 
45 mation and forming an Ni layer of a desired thickness on the surface of the resulting structure by Ni-platng tor the pur- 
pose of rustproof ing. The cover member is obtained in like manner. 
[0011] GeneraDy,on the otherhand. each of the lead members that corc^ette 
strip of hfi or, like the battery container, is formed of an Ni-plated steel sheet 

[0012] The following parallel resistance welding method is generally applied to the connection between the batteries 
so and the lead members for the manufacture of the battery group B. 

[0013] First a lead member 3 to be welded is put on a surface 2a (bottom surface as illustrated) of a battery container 
2, as shown in FIG. 3. 

[0014] Two welding electrodes 7, each having a small-diameter distal end 7a, are arranged parallel to each other with 
a given space between them on a surface 3a of the lead member 3. A predetermined pressure loading from the welding 
a electrales 7 k applied to the lead member 3 so mat a back surface 3b 
container 2 are Intimately in contact with each other. 

[0015] In this state, a welding cunent of a given value is supplied from a power source 8. The wekfing current Is 
applied to the lead member 3 through one welding electrode. A part of the welding current is fed back to the power 
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source 8 through the lead member 3 and the other welding electrode. The remaining part is appfied to the region right 
under the distal end 7a of the one wekfing electrode and the surrounding area, and then hows across the thickness of 
the lead member 3 to reach rne surface 2a of the battery container 2. Thereafter, the remaining cunerrt passes through 
the battery container 2, ftows in the thickness direction of the lead member 3 around the region right under the distal 
s end 7a of the other welding electrode, and is fed back to the power source through the other welding electrode. 

[001 6] In this process. Joule heat is generated in the contact interface between the back surface 3b of the lead mem- 
ber 3 and the surface 2a of the battery container 2 near the region right under each wekfing electrode, so that both 
members a/ep^rtia% rrterted tofomi rurggets near the contact interface. Thus, the lead rnember 3 is fbced to the battery 
container 2 by spot welding. 

io [0017] Macroscopicany, the respective surfaces of the lead member and the battery container are f kt surfaces, Micro- 
scopicaJry. however, they are cxjrripiicated irregular surfaces. When the lead member is put on the surface of the battery 
container, therefore, these two members are not unrformfy in contact with each other. More specrncaDy. infinitesimal pro- 
jections on the back surface of the lead member and the surface 2a d the battery container 2 are onfy in contact with 
eacii othet*s surface. The lonnationrf 

15 fions to generate Joule heat therein. 

[0018] As this is done, the wetting behavior is complicated due to the influence of fine deformation of the lead mem- 
ber 3. which is caused as the welding electrodes 7 are pressed against the lead member 3, upon the contact state, 
[0019] In the case where the battery ccntainer and foe lead member are formed of a ^-ptated steel sheet the toOow- 
ing problems are believed to arise if they are welded by the parallel resistance weeding method. 

a> [0020] trtcreasing the strength of weid between the battery container and the lead member is pretty Difficult and the 
range of operating conditions therefor is narrow. Moreover, the weld strength varies depending on the wekfing opera* 
tjoa This tendency is particularly remarkable when the lead member is welded to the bottom portion of a battery con- 
tainer that has a wide area for weJamg 

[0021] If the weJd strength rs not very high, then welded joints on a battery pack that is incorporated in an electric or 
25 electronic device to be actually used wiD posstory be broken by impact to ruin the function of the device in case die 
device is dropped, tor example 

[0022] If the weld strength varies, moreover, it can be supposed to lower the reliability of welding of welded structures 
of majTufactured batteries and lead members, in consideration of the fact that the welding operation is usually continu- 
ously performed In a production Ene, 
30 [0023] In order to increase the strength of weld between the battery container and the lead member and reduce the 
variation of the strength to stabilize spot-welded joints, in the resistance wekfing method d escribed above, it is neces- 
sary only that the Joule heat generated right under foe two welding electrodes be intensflied securely to form stable 
nuggets, basically 

[0024] To attain this, the generated Joule heat is intensified by setting the supplied current at a high value or length- 
35 ening the conduction time. If this is done, however, the wekfing electrodes sometimes may be fused to the surface of 
the lead member, thereby preventing composition of smooth wekfing processes, tn some cases, furthermore, genera- 
tion of excessive heat may results in production of mart dust of the metaf materia) that constitutes the surface of the bat- 
tery container and the lead member, thus lowering the weld strength, on the contrary. 

40 OBJECTS AND SUMRflARY OF THE INVENTION 

[0025] An object of the present invention is to provide a battery and a lead member, designed so that high strength 
of weld between a battery container and the lead member can be maintained with less variation despite lower current 
supply thereto when the lead member is welded to the outer surface of the battery container by the parallel resistance 
45 welding method. 

[0026] Another object of the invention is to provide a battery and a lead member, which require no high current supply 
for welding, so that welding electrodes cannot be easily fused to the lead member, and smooth welding processes can 
be composed without entailing production of melt dust 

[0027] Stifl another object of the invention is to provide a higrweliabifity battery pack that cannot be easily broken by 
so external force such as impact 

[0028] In order to achieve the above objects, according to the present invention, there is provided a battery comprising 
a battery container and a layer of an Ni-based alloy covering a part or the whole of the cuter surface of the battery con- 
tainer. 

[0029] According to the invention, moreover, there is provided a lead member for battery connection, which is welded 
55 to the outer surface of a battery by the parallel resistance welding method, the lead member canprising a substrate and 
anNhSn alloy layer formed at least on that surface of the substrate which is weided to the outer surface of the battery. 
[0030] According to the invention, furthermore, there is provided a battery pack comprising a group of the aforesaid 
batteries according to the invention connected to one another by means of lead members for battery connection by the 
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parallel resistance welding method and a shell storing the group of the batteries tierein, or a battery pack comprising 
a group of batteries connected to one another by means of the aforesaid lead members for battery connection accord- 
ing to the invention by the parallel resistance welding method and a shell storing the group of the batteries therein, or a 
battery pack comprising a group of the aforesaid batteries according to the invention connected to one another by 
5 means of the aforesaid load members for battery connection according to the invention by the parallel resistance weld- 
ing method and a shell storing the group of the batteries therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 
to [0031] 

FIG. 1 is a perspective view showing an example of a battery pack; 
FrQ. 2 is a perspective view showing an example of an battery group stored in the battery pack; 
FIG. 3 is a schematic vie* for illustrating the parallel resistance wekfing method; 
is FIG. 4 is a cutaway sectional view showing an example of a battery container (cover) used in the invention; 
FIG. 5 is a sectional view showing a preferred example of a lead member according to the invention; 
FIG. 6 is a schematic view for illustrating a method tor measuring the strength of weld between the lead member 
and a battery; 

FIG. 7 is a graph showing the frequency distrtoution of the weld strength obtained when a lead member and a bat- 
20 tery of Example 1 5 are subjected to resistance welding with use of a wekfmg current of 1 .6 kA; 

FIG. 8 is a gjaph showing the frequency distribution of the weld strength obtained when the lead member and tie 
battery of Example 1 5 are subjected to resistance wekfing with use of a wekfing current of 1 7 kA; 
FIG. 9 is a graph showing the frequency distribution of the web strength obtained when a lead member and a bat- 
tery of Example 1 6 are subjected to resistance welding with use of the welding current of 1 .6 kA; 
2$ FIG. 10 is a graph showing the frequency distribution of the weld strength obtained when ttie lead member and foe 
battery of Example 1 6 are subjected to resistance welding with use of the wekfing current of 1 .7 kA; 
FIG. 11 is a graph showing the frequency distribution of the weid strength obtained when a battery of Example 17 
and the lead member of Example 15 are subjected to resistance welding with use of the weJcfing current of 1 .6 kA; 
and 

30 FIG. 12 is a graph showing the frequency distribution of the weld strength obtained when toe battery of Example 
17 and the lead member of Example 1 5 are subjected to resistance welding with use of the welding current of 1 .7 
kA. 

DETAILED DESCRIPTION OF THE INVENTION 

3$ 

[0032] A battery according to the present invention will be described first 

[0033] FIG. 4 is a cutaway sectional view shewing an example of a battery container of the battery of the invention. 
Referring to FIG. 4, there is shown a cover member 21 that serves also as a positive terminal. 
[0034] The cover member 21 includes a substrate 21a. which is a sheet of soft steel such as very-tow-carbon steel. 
40 and a layer 21b of an Ni-based alloy (mentioned later). The member 21 is obtained by forming the substrate 21a into 
the shape shown in FIG. 4 by plastic deformation and covering its surface with the layer 21b. 
[0035] The layer 21b may be formed covering the whole surface of the substrate 21a or partially covering at least 
those portions where a lead member, a mating member, is to be welded. 

[0036] Although the cover member is shown as an example of the battery container in FIG. 4, the battery container 
45 of the battery according to the present invention is not limited to the cover member, and may alternatively be a battery 
can that mates with the cover member and stores a power generating element and an alkaline electrolyte solution 
therein. 

[0037] Although the layer 21b should preferably be formed of an Ni-Fe alloy, it must only be formed of one of Ni-based 
alloys including an Ni-Co alloy. Ni-Zn alloy, Ni-Fe-Co alloy, etc. The layer 21b is formed by electroplating the surface of 
so the substrate 21a. 

[0038] Any of the Ni-based alloys that are formed by electroplating may be composed of a single-phase solid solution 
of Fe, Co, Zn aixf other elements in a crystal lattice 

resistance is higher than that of simple Ni or any other simple element. If the aforementioned parallel resistance welding 
method is applied to a battery container that has these Ni-based alloy layers, a smaller current flow than in the conven- 
55 tbnal case enables the formation of stable nuggets, thereby ensuring improved weld strength. One of reasons for this 
effect is the level of the electric resistance of the layer formed of the aforesaid Ni-based alloy. Another possible factor is 
the change of the mechanical properties of the materials, 

[0039] The Ni-Fe aSoy is a particularly effective material because it enables a small current to improve the weld 
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strength. 

[0040] If the Fe content is too high, in this case, the surface d the battery container easily rusts when it is exposed tD 

ahotandrwmWenvironn^ 

in particular. 

5 [0041] This restriction of the Fe content can be easily achieved by adjusting the concentration of an Fe source in a 
plating bath for electroplating, for example. 
[0042] tn the case of the NKk> alloy, the to 

In the case of the ffi-Zh alloy, the Zn content shoirJd preferaWy be restricted to 

case of the NhFe-Co alloy, moreover, the Fe and Co contents should preferably be restricted to more than 0 to less than 
10 50% by atomic percentage and to 5 to 50% by atorntc percertage, respect^ 
the Fe and Co contents is restricted to 50% or less by atomic percentage. 

[004?] Preferably, the thickness of the layer 21 b is restricted to 5 jim or less. rJ the thickness exceeds 5 jim. the vari- 
ation of the strength of weld on the lead member increases. 

[0044] In the case where the layer 21b is formed of the Nr-Fe aJJoy. moreover, its thickness 6houW preferably be 
15 restricted to 4.5 urn or less. The reason for this, though not evident is that the strength of weid on the lead member 
substantially varies if the layer thickness exceeds 4.5 urn 
[00451 The thickness <xf the layex21bcanb* 
ing, for example 

[0046] The following is a description of the lead member according to the present inventioa 
20 [0047] FIG. Sis a sectional view showing an example of the lead member. 

[0048] The lead member 31 is composed of a substrate 31a and an h5-Sn alloy layer 31c covering its surface or of 
the substrate 31a, an under layer 31b coverir^ the surfaced the substra^ 
the surface of the layer 31tx It is to be understori that the lead ir^ 

[0049] The substrate 31a ensures the strength of the whole lead member and functions ateo as a passage through 

25 which wefcfing cun-ent flows during actual use of the lead member. The substrate 31 a may be formed of any materia* 
that has appropriate strength and electrical cortfuctrvtty and can be plated. For example, low-carbon steel Ni. etc. may 
be used for this purpose. Low-carbon steel is preferred because it is easily available and low-priced. 
[0050] Depending on the material of the substrate 31 a. an under layer 31b may be provided as an intermecSate layer 
in order to prevent the W-Sn alloy layer 31c on the substrate 31a from peeling off from the surface of the substrate 3ta 

so and to ensure stable plating with the ftf-Sn alloy Preferably, the under layer 31b is formed of a material that corttetins an 
Ni component, in cm arderalion of the NhSn alloy layer formed thereon. An hfi layer. Ni-Fe alloy layer, etc. may be used 
for this purpose. Afternativery, a Cu layer, Cu-Sn alloy layer, etc. may be used despite the absence of Ni. 
[0051] The under layer 31b can be easily formed by applying a corrvertional fBm forming me&iod, such as electroplat- 
ing, vacuum evaporation, sputtering, etc., to the surface of the substrate 31a. Among these fBm forming methods, the 

36 electroplating method has an advantage over the others in film quality, tarn forming cost, and reactivity. 

[0052] tn forming the under layer 31b by the electroplating method, it is necessary only that dectmptatmg be carried 
out under given conditions by using a specific plating bath that contains the constituent elements of the under layer. 
[0053] If the under layer 31b is too thick, tfistortion accumulated in the layer during film formation increases, possibly 
causing the under layer to crack. H the layer 31b is too thin, on the other hand, its function as an Intermediate layer is 

40 lowered. Preferably, therefore, the thickness of the layer 31b is adjusted to 0.2 to 1 0 urn. 

[0054] In the case where the Ni-Sn alloy layer 31c can be formed directly on the surface of the substrate 31a in an 

intimate manner, as mentioned before, the intermediate layer 31 b is not essential 

[0055] The Ni-Sn alloy layer 31c is provided in order tornakeoontart wtm me surface of the b 

ing layer, at the time of resistance wefcfing, thereby generating intensive Joule heat in the contact interface to tactfitate 

4$ me formation of stable nuggets. TTius, me layer 31c serves to en 
member and the battery container. 

[0056] The M-Sn alloy that c on s ti t u tes the layer 31c consists mainly of ha and Sn. 

[0057] In this case, the composition ratios of Ni and Sn are suitably selected in consideration of the melting point and 
specific resistance of the alloy. If the composition ratio of Sn is too high, the strength of weld on the battery container 
50 lowers for some unknown reasons. If the composition ratio of Sn is too low, adding the welding strength problem 
descrtoed above, the layer 31 c is unduly brittle, and the fBm forming cost is high. Preferably, therefore, the compo si fon 
ratio of Sn is restricted to 40 to 75 wWx. 

[0058] The Ni-Sn alloy layer 31c can be formed by applying a conventional f3m forming method, such as electroplat- 
ing, vacuum evaporation, sputtering, etc., to the surface of the substrate 3t a or the under layer 31 tx Among these ttm 
55 forming methods, the electroplating method has an advantage over the others in being capable ol more easily ensuring 
good f 3m properties, as well as In fBm forming cost and productivity. 

[0059] tn forming the Ni-Sn alloy layer 31 c by the electroplating method, It is necessary only that the surface of the 
substrate 31a or the under layer 31b be electroplated under given conditions by using a plating bath that contains an Ni 
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source, such as nickel chloride (hfiOg.GHp), and an Sn source, such as stannous cWorideCSnaa.ZH^ inaprecte- 
ternwied concentration ratio, 

[0060] If the W-Sn alloy layer 3 1c is too thick Distortion accumulated in the layer during film formation Increases, 
depending on the NhSn (imposition ratio and platirjg conditions, so mat the layer 31c rnay crack in soma cases, and 
the cost shouW be irtaea^ rf the layer 3 

Preferably, therefore, the thickness of the layer 31c is adjusted to 0.1 to 10 fim, and most preferably to 0.2 to 8 um 

[0061] The following is a description of a battery pack accortfing to the present invention. 

(0062] The battery pack according to the invention differs from foe battery pack of the conventional structure shown 

in FIGS. 1 and 2 oify in thai the batteries co^ 

and/or a lead member accortfing to the invention. 

10063] In either case, the strengthof weld between the battery contain 

case of the conventional battery rjack thai uses me batt^ 

are termed of an Moated steel sheet ea*fcTrms>meballery.pa* 

tore that cannot be easily broken by impact or any other externa] torca 

[0064] In particular, the battery pack of the invention that contains therein a battery group manufactured by using the 

batteries and the lead merr*^ 

for an electric vehicle, motor-assisted bicycle, etc. 

Examples 1 to 6 and (^mparatrve Example 1 

[0065] Battery cans and covers for AA-size batteries were prepared. A soft steel sheet was used as the material of 
any of these members. 

[0066] Plating baths for Ni-Fe alloys were prepared containing ferrous chloride, nickel chloride, and caJcium crdorida 
»n this case, various plating baths with cDfferent Fe concentrations were prepared with the ferrous chloride co nc ent) afi on 
varied from 210 to 380 gTUnic^ 

Thiourea was added as required at the concentration of 1 g/L or less. 

[0067] The battery cans and covers were electroplated in these plating baths, whereupon N-Fe alloy layers with dif- 
ferent Fe contents were formed on the respective surfaces of the battery cans and covers, Appropriate plating conrj- 
tions were selected Including pHs of 0.9 to 1 .5. bath temperatures of 60 to 9CTC, and current densities of 3 to 5 A/dm 2 . 
The plating time was adjusted so that the layer thickness was 3 ^m. 

[0068] AA-size nickel-metaHiydride secondary batteries were assembled with use of the battery cans and covers 
obtained in this manner. A conventional lead member, formed of an Ni-plated soft steel sheet 0.15 mm Wck and 5 mm 
wide, was put on the bottom surface of each battery, and the battery and the lead member were welded under the con* 
oftons shown in Table 1 by the parallel resistance welding method, as shown in Fia 3. The pressure loading from weld- 
ing electrodes appfied to each lead member was 22 newtons (N). 

[0069] The value of this pressure loading is the sum of forces applied to the two welding electrodes. The forces 
app&ed individually to the electrodes are set at substantially equal values (about 1 1 N each). 
[0070] Then, a measurement test for weW strength was conducted in the manner shown inRas.it tea test in which 
one end 3c of a lead member 3 welded to the bottom surface of a battery container 21 of a battery accortfing to foe 
invention is held by means of a chuck 9, arxl me chuck 9 is pulled iprjymea 

member 3. Inctoingthis, the lead member 3 was pulled up in a direction substantially parallel to the central axis of 1he 
container 21 so that the force of the tester 1 0 to pull the chuck 9 increased at a substantially fixed rate. The puJTjng force 
(tensile strength) with which the lead member 3 was completely separated from the bottom surface of the container 21 
was defined as the weld strength. Table 1 collectively shows mean values for 30 battery containers as the results of foe 
test 

[0071] Comparative Example 1 represents the case where the battery container and the lead member are formed of 
an Ni-plated steel sheet each. 



Table 1 





Comparative 
Example 1 


Example Na 






1 


2 


3 


4 


5 


6 


Fe content of layer (M-Fe alloy) (% by atomic per- 
centage) 


0 (layer of Ni 
only) 


5 


10 


20 


30 


40 


SO 
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Table 1 (continued) 





Comparative 


Example No. 












1 


2 


3 


4 


5 


6 


Weld strength 


Welding cur- 


1.4KA 


50.5 


53.5 


60.3 


63.7 


64.1 


63.9 


623 


(N) 


rent during 
welding opera- 
tion: 


^J5kA 


51.9 


55.5 


63.9 


67.6 


65.1 


68.8 


66.3 




1.6kA 


61.0 


61.1 


63.9 


68.9 


66.3 


70.O 


675 



[0072] Table 1 reveals the following tacts. 

(1) In any of the Examples and Comparative Example 1, toe weld strength increases as the welding current 
15 increases. 

(2) Under the f ixed resistance wekfing conditions, the strength oi werd between the battery container and Ihe toad 
member that are covered by the layer accorring to the invention is higher than that for the case of Comparafive 
Example 1 foat is formed of the converrtionaJ nickel-plated soft steel 6heet only. 

This indicates that, with use of the battery container accorcfing to the inwntion, a smaller weiding current can 
20 produce the same weld strength although toe lead member is formed of the conventional r\6-piated steel sheet 

(3) The higher the Fe content of me Ni-Fe alloy that constitutes the layer, the higher the wetd strength is. If the Fe 
content is too high, however, the weld strength lowers instead. In the case where the layer is formed of an rfrFe 
alloy, therefore, the Fe content should preferably be restricted to about 50% or less by atom* percentage, and most 
preferably to about 1 0 to 45% by atomic percentage, in consideration of the problem of rusting also 

25 

Ecarntffis7tQl1 

[0073] Layers of an Ni-Fe alloy with the thicknesses shown in Table 2 were formed on battery containers tor varied 
plating times with use of a plating bath that is adjusted In composition so that the Fe contents of the layers were 20% 
so by atomic percentage. Then, 30 batteries were assembled using the individual battery containers, and the aforesaid 
lead member (formed of a related steel sheeQ was put on the bottom surface of each battery container. The lead 
member and the battery container were subjected to resistance wekfing in a manner such that they are suppfied with a 
welding current of 1.5 kA under a pressure loading of 22 N from the welding electrodes. 

[0074] The value of this pressure loading is the sum of forces appfied to the two welded electrodes. The forces appBed 
35 individualiy to the electrodes are set at substantially equal values. 

[0075] The weld strength was measured in the same manner as in the cases of Examples 1 to 6. Table 2 chows the 
maximum and mmirnum values of the weld strength and mean values for the 30 batteries. 



Table 2 



45 





Example No. 




7 


8 


9 


10 


11 


Layer thickness (nm) 


ZS 


3 


4 


5 


6 


Weld strength (N) 


Mean value (n=30) 


66.3 


67.6 


65.1 


56.7 


49.5 


Maximum value 


72.3 


73.1 


75.3 


71.6 


68.4 


Minimum value 


59l8 


58.3 


56.9 


53.8 


48.1 



[0076] As seen from Table 2. the weld strength becomes inclined to lower H the layer thickness exceeds 5 prrtAsthe 
layer thickness increases, moreover, the weld strength tends to vary. Preferably, therefore, the layer thickness is 
adjusted to 5 Jim or less. In the case where the thickness is about 3 urn in particular, the weld strength is high and its 
variation is very small, so that stable quality control can be ensured. 

Firamnift 12 and Conparative Example 2 

[0077] A plated steel sheet of 0.3-mm mickness was prepared by coating the surface of a soft steel sheet of 0.3-mm 
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thickness with an Ni-Fe alloy layer of 2.(Hun thickness formed ofanNi-25% Fe alloy, end it was molded into battery cov- 
ers by plastic deformation. 

[0078] One hundred batteries were assembled with use of these batteries. A soft steel lead member (formed of an 
N^plated steel sheet) of ai5™ trtttmess, having an Ni layer of 2.0iim thickness thereon, was pressed against me 

shown in Table 3 for about 5 ma 

[0079] The value of this pressure looting can be defmedh me same maimer asm to 
[0080] Then, trtewekfstrengm was measured^ the s 
fter^ts <rf the measurement Tr^ 
10 mernber was measured and also sriownmTabte 
resistance welding are. 

[0081] For comparison, covers having an Ni layer with the same thickness as the Nh2S% Fe aBoy layer were alterna- 
tively subjected to resistance wekfing in Ike marwier. Table 3 also sriowsto^ 

15 



Table 3 







Example 12 


Comparative Exam- 
ple 2 


20 




Layer on cover 


Ni-25%Fea0oy 
layer 


Ni layer 




Welding current 
(kA) 


1.0 


Number of covers on which two nuggets 
remain 


80 


40 


25 






Weld strength (N) 


Means value (n = 
100) 


42 


24.5 










variation 


28.3-47.2 


19.6-35.7 


SO 




1.2 


Number of covers on which two nuggets 
remain 


100 


60 








Weld strength (N) 


Means value (n- 
100) 


59.8 


36.3 










variation 


49.5-67.1 


29.7-49.6 


SB 




1.4 


Number of covers on which two nuggets 
remain 


100 


90 








Weld strength (N) 


Means value (n» 
100) 


68.6 


51.9 


40 








Variation 


56.3-72.4 


38.4-67.9 






1.6 


Number of covers on which two nuggets 
remain 


100 


100 


45 






Weld strength (N) 


Means value (n » 
100) 


70.6 


60.8 










Variation 


! 61.9-73.4 


48.7-652 



[0082] In the case of resistance welding for a battery (Comparative Example 2) using a cover without the Ni-25% Fe 
so alloy layer, as seen from Table 3, two nuggets steadily remained only when a wekfing current of 1 .6 kA was supplied 
In the case of each battery according to the invention using the cover plated with the Ni-25% Fe alloy, on the other hand, 
two nuggets were able to be securely formed even though the welding current was 1 .2 kA. The resulting weld strength 
was substantially equal to the strength obtained when Comparative Example 2 was welded with use of the welding cur- 
rent of 1.6 kA 

65 [0063] Thus, with use of each battery according to the invention, a small welding current can produce high weld 
strength although the lead member is formed of the conventional Ni -plated steel sheet 
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Exarrtfa 13 

[0084] Battery cans and covers for AA-size batteries were prepared A soft steel sheet was used as the materia) of 
any of these members. 

5 (0085) A plating bath tor an HhCo alloy was prepared containing 250 g/L of nickel chloride, 15 cobalt chJoride. 
and 15 g/L of boric add. 

[0086] The battery cans and covers were electroplated in this plating bath under conditions inducing a pH of 3. cur- 
rent density of 1.5 AWm 2 , and bath temperature of 20°C, whereupon an Nj-15% Co altoy layer of 3-um thickness was 
formed on each of the respective surfaces of the battery cans and covers. 
to [0087] Thirty AA-size rtckekrietaWrydride secondary batteries were assembled with use of these battery cans and 
covers. A lead member, formed of an M^ed soft steel sheet wHh 0.15 mm thM 

torn surface of each battery, and was subjected to resistance wekEng under the same conditions as in Examples 1 to 6. 
[0088] Then, the weid strength was measured in the same manner as in the cases of Examples 1 to 6. The foflowing 
is a description of the results of the measurement- 
is [0089] The wekl strength was 62£ N (mean value) for the welding current of 1 .4 kA, 63.9 N (mean value) for 1.5 kA, 
and 65.1 N (mean value) for 1.6 kA. 
[Q090] Trws, even in tha case of the batteries 

strengtfi than in the case of Comparative Example 1 can be obtained wtfa use of the lead member that is formed of foe 
conventional Nhplated steel sheet 

20 

Example 14 

[0091] A plating bath was prepared containing 220 g/L of nickel sulfate, 30 g/L of nickel chloride. 40 g/L of nickel for* 

mate, 4.8 g/L of cobalt sulfate, 0.8 g/L of amniorium sulfate, 2 c^tf form 
25 [0092] The battery cans and covers used in Example 13 were electroplated in this plating bath under conditions 

including a pH of 3.7, current density of 5 Attnf. and bath temperature of 65°C. whereupon an M-7% Co altoy layer of 

3-um thickness was formed on each of the respective surfaces of the battery cans and covers. 

[0093] Twenty AA-size rtckeHTtetaJ -hydride secondary batteries were assent* ed with use of these battery cans and 

covers. Alead member, formed of an Nhplated soft steel sheet 0.15 mm thick and 5 mm wide, was put on the bottom 
so surface of each battery, and was subjected to resistance welding under the same corxfitions as in Examples 1 to 6. 

[0094] Then, the weid strength was measured in the same manner as in the cases of Examples 1 to 6. The following 

is a description of the results of the measurement 

[0095] The weld strength was 62.3 N (mean value) for the welding current of 1.4 kA. 61.7 N (mean value) for 1 .5 kA. 
and 64.9 N (mean value) for 1.6 kA. 

35 

Example 1 5 and Comparative Example 3 

[0096] A low-carbon steel sheet (carbon concentration: 0.08%), 0.15 mm thick, S3 mm wide, and 30 mm long, was 
prepared as a substrate of a lead member. 
40 [0097] On the other hand, a plating bath was prepared containing 240 g/L of nickel suHate, 45 g/L of nickel cHoride. 
30 g/L of boric add, and 1 .5 g/L of saccharin, and an Ni layer of 3-um thickness was formed as an under layer on the 
whole surface of the substrate under conditions inducing a pH of 4.0, bath temperature of 45°C, and current density of 
4 Attn 2 . 

[0098] Further, a plating bath was prepared containing 300 g/L of nickel chloride, 50 g/L of stannous chloride, 35 g/L 
45 of ammonium hydrof tuorate, and 25 g/L of sodium fluoride. One side of the Ni layer was masked and immersed in the 
plating bath, whereupon an Ni-Sn aDoy layer of 0.3-um thickness was formed on the one side of the W layer under con- 
ditions induing a bath temperature of 65°C and current density of 2.5 A/dm 2 . Thus, the lead member 31 according to 
the invention was manufactured having the profile shown in FIGL 5. The NhSn alloy contained 35 wt% d Ni and 65 wt% 
ofSn. 

so [0099] An under layer having an Ni surface was prepared as Comparative Example 3 without forming the hfi-Sn aBoy 
layer thereon. 

[01 00] On the other hand, thirty AAA-size nk^-rrtetahhydride batteries (batteries of Comparative Example) were 
prepared having a battery container obtained by forming an Ni layer of 3 to 3.5-mm thickness on the surface of a tow- 
carbon steel sheet (carbon concentration: 0.04%) of 0.3-mm thickness. 
55 [0101] The aforesaid lead member was put on fre bottom surface of each battery, a pressure loading of 22 N (sum 
of forces on two welding electrodes) is applied by means of welcfing electrodes, and the lead member 31 was welded 
to the battery container with welding currents of 1.6 kA and 1.7 kA by the parallel resistance welding method, as shown 
in FK3L 3. The forces appfied individually to the two electrodes are set al substantially equal values. 
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10 



20 



30 



10102) Here the surface of the NhSnHayer was tac^ C3n the bottom si*1a(»<rf each battery. 

[0103] Then, a test was conducted such that one end of the lead member 31 welded to the bottom surta* of each 

t>attery is held by meajis d a chucK and th e 

e^een the lead merito 31 aiid the bottom 

me chuck was increased at a substantially fbted rata The jxifl^terce (tensile sfr 

rLT, C ° r ? etG ' y ******* from the bottom surface of the battery was measured and defined as the weld strength. 
RQa 7 and 8 show the results of the test ^ 
[WW] FIG. 7 shows the resufts obtained when the welding current was 1.6 kA, while FIG. 8 shows the results 
^'^dwrwthe welding current was 1.7 kA. fo each cf these draw^ 
Jfamente 31 according to the invention was used, while 
Comparative Example 3 was used. 

[0105 Even if the battery container is formed of an Ni-plated steel sheet parallel resistance welding ensures higher 
and stabler general weld strength for taleadrrierrtoac**^ 
(cornDaratJve eoramnlf^ an rami frrm fiaq ?onrio 



15 (caTpajatveemriple). as seen from FK3Sw7and8. 
Example 16 



[(H^AIead member 31 was rranufactured having me same pr^ 

w an Ni-65% Sn alloy layer of 0.6-um thickness formed under the plating conditions of Example 15. 
10107] Thirty r^-metal-hydride batteries used in Example 15 were prepared, and the lead member was resistance- 
welded to each of the batteries in the same manner as in Example 15. Thereafter, the weld strength was measured in 
the same manner as in Example 15. FIGS. 9 and 10 show the results of the measurement 
[010?] TO. 9 shows the results obtained when the welding current was 1.6 kA. while FIG. 10 shows the results 
cota^ when the welding current was 1 .7 kA. In each of these drawings, hatched bars represent the case where the 
^ member 31 according to te^ 
Ccmparative Example 3 was used. 

10109] Even H the under layer is formed of a Cu layer, parallel resistance welding ensures higher and stabler general 
w« strength for the lead merrfceraoxxi^ 

for the conventional lead member (comparative example), as seen from FIG& 9 and 10. 

35 A battery having an Ni-Fe altoy layer of 3.0-um thickness formed of an Ni-20% Fe alloy, on its container surface 

endthe lead member of Example 15 were resistance-welded under the same conditions as in Example 15 by the' 
method used m the cases of Examples 1 to 6. arxl tr^weW strength was nieasured. FIGS. 11 arrf 
of the measurement 

[0111] FIG. 11 shows the results obtained when the welding current was 1.6 kA, while FIG. 12 shows the results 
40 obtained when the welding current was 1 .7 kA. Where technical features mentioned in any daim are followed by refer- 
ence signs, those reference signs have been included for the sole purpose of increasing the intangibility of the daims 
and accorcfingly. such reference signs do not have any limiting effect on the scope of each element identified by wav of 
example by such reference signs. 

45 Claims 

1. A t^erycomprising a battery container and a layer of an NB-based alloy covering a part or the whole of the outer 
surface of the battery container. 

so 2. T^batteryacoordr^ 
auoy. 

a. The battery according to claim 2. wherein the Fe content of said Ni-Fe alloy is 50% by atomic percentage or less. 
65 * The bakery acoorolng to daim 1. wherein the thickness said layer is 5 urn a 
5. The battery according to claim 3, wherein the thickness of said layer is 4.5 urn 
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6. A lead member for battery connection, which is welded to the outer surface of a battery by the parallel resistance 
welding method, the lead member comprising: 

a substrate; and 

5 an alloy layer which is mainry composed of Ni and Sn, and is formed at least on ftat surface of fte substrate 

which is welded to the outer surface of the battery. 

7. The lead member for battery connection accortfing to claim 6. further comprising an under layer formed between 
the substrate and the Ni-Sn alloy layer, the under layer being an Ni layer, Ni-Fe alloy layer, Cu layer, or Cu-Sn alloy 

ip layer. 

& The lead member for battery connection according to claim 6. wherein said aOoy layer is formed of an Ni-Sn based 
alloy containing 25 to 60 wt% of Ni and 40 to 75 w«» of Sa 

15 9. A battery pack comprising: 

a group of the batteries according to daim 1 connected to one another by means of lead members tor battery 
connection by the parallel resistance wekfing method; and 
a shefl storing the group of the batteries therein. 

20 

10. A battery pack comprising: 

a group of batteries connected to one another by means of the lead merrbers for battery connection accorcSng 
to daim 6 by the parallel resistance welding method; and 
25 a shed storing the group of the batteries therein 

11. A battery pack comprising: 

a group of the batteries according to daim 1 connected to one another by mem the 1^ 
so tery connection accorcfing to clam 6 by the parallel resistance wekfing method; and 

a shell storing the group of the batteries therein. 



35 
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FIG. 1 
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FIG. 3 
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FIG. 5 
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FIG. 7 





16- 




14- 


> 
u 


12- 


z 
to 


10- 


D 


8- 






6- 




4- 




2- 



XL 



39.2 44.1 49.0 53.9 58.8 63.7 68.6 73.5 78.4 
TENSILE STRENGTH (N) 



FIG. 8 



> 

o 

2 
CU 
D 
O 

i 



16 
14-1 
12- 
10- 
8- 
6- 
4- 
2- 



/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 



/ 
/ 
/ 
-/ 

/ 
/ 
/ 



i 



39.2 44.1 49.0 53.9 58.8 63.7 68.6 73.5 78.4 
TENSILE STRENGTH (N) 



15 



EP0 944 123A1 



> 
U 
2 
U] 
D 
O 

I 



16- 
14- 
12- 
10- 
8- 
6- 
4- 
2- 



FIG. 9 



XL 



7 

/ 
/ 
/ 
/ 



? 

/ 
/ 
/ 

/ 
m / 

/ 

/ 

/ 

/ 
-I. 



39.2 44.1 49.0 53.9 58.8 63.7 68.6 73.5 78.4 
TENSILE STRENGTH (N) 



FIG. 10 



16 

> 14 
p 12 

10 

8 

6 

4 

2 



ZD 

a 



i 



_EL 



39.2 44.1 .49.0 53.9 58.8 63.7 68.6 73.5 78.4 
TENSILE STRENGTH (N) 



16 



r 



EP0944123A1 



16- 
14- 
12- 
10- 
8- 
6- 
4- 
2- 



FIG. 11 





/ 




/ 




/ 




/ 




/ 


r 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 

1 1 r 





7 
/ 
/ 
/ 
/ 
/ 



I 



39.2 44.1 49.0 53.9 58.8 63.7 68.6 73.5 78.4 
TENSILE STRENGTH (N) 



FIG. 12 





16- 




14- 


s 


12- 


a 


10- 




8- 


O 


£ 


6- 








4- 




2- 



7 




/ 




/ 


/ 




/ 


/ 


/ 


/ 




/ 




/ - 





39.2 44.1 49.0 53.9 58.8 63.7 68.6 73.5 78.4 
TENSILE STRENGTH (N) 



17 



EP 0 944 123 A1 



Europe 3D Patont 
Office 



EUROPEAN SEARCH REPORT 



EP 99 10 4040 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
lodafrD 


CLASSIFICATION OF TNE 
APPLICATION entCU) 


X 
Y 


EP 0 822 266 A (NIPPON KOKAN KK) ] 
4 February 1998 

* claim 21 * < 

* page 5, line 48-55 * 

* page 8, line 40-56 * 


1-5 


H01M2/22 
H01M2/20 

IM«Mt /At 

H01M2/02 


X 
Y 


EP 0 809 307 A (KATAYAMA TOKUSHU K06Y0 KK) 
26 November 1997 

* page 5, line 17-29 * 

* page 6, line 8 - page 9, line 8 * 


1-5 
9 




X 
Y 


EP 0 807 984 A (KATAYAMA TOKUSHU KOGY0 KK) 
19 November 1997 

* page 4, line 16-29 * 

* claims 1,6 * 


1-5 
9 




X 
Y 


EP 0 725 453 A (TOY0 KOHAN CO LTD) 

7 Atinuct IQQfi 


1-5 
9 






* page 3, line 26-31 * 

* table 1 » 




TECHNICAL RELOS 
SEARCHED <tntCL6) 




* claim 6 * 




H01M 


Y 


EP 0 607 675 A (HONDA MOTOR CO LTD ; SANYO 

ELECTRIC CO (JP)) 27 July 1994 

* column 8, line 6 - column 9, line 7 * 


9 




A 


PATENT ABSTRACTS OF JAPAN 
vol. 017, no. 050 (E-1314), 
29 January 1993 

& JP 04 264358 A (TOSHIBA BATTERY CO 
LTD), 21 September 1992 
* abstract ♦ 


6-11 




A 


EP 0 494 504 A (MATSUSHITA ELECTRIC IND CO 
LTD) 15 July 1992 

* column 4, line 44 - column 5, line 33 * 


6-11 




The present search report has teen drawn up for all claims 







MUNICH 



DvM ai cotn^totofi erf 0w ttt 

18 June 1999 



Engl , H 



CATEGORY OF QTEO DOCUMENTS 

X : perticuteny retovvri 0 taken alone 

Y : particularly relevant tf eombirwd wth anottw 

document of the same category 
A : technological background 
O : non-wrWen dbdoewt 
P: 



T:trteoryorpimcpeundertyaigir»tmeftfk>n 
E:e«rter patent document, but publehedoaor 

altar the flHno. date 
D : document died >n the appP oa tlon 
L : document cited tor ottw reason* 



&: member of the a 
document 



18 



• 

Y 



EP0944123A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 10 4040 



Ths annex lists the patent tamtfy members relating to the patsrt documents cited in the atove^nentjcned European search report 
The members are as contained in the European Patent Office EDP Be on 

Th* Euiopean Patwtf Office is r> no way iabte for these partcuiart wtwch are merely yven tor me purpose d intormatton. 

18-06-1999 



Paten document 
cited In search report 


Pubfication 




Patent tamty 


Publication 


date 




mcmbarjs) 


date 


EP 0822266 


A 


04-02-1998 


OP 


9209083 A 


12-08-1997 








JP 


9209084 A 


12-08-1997 








AU 


1670697 A 


28-08-1997 








WO 


9729217 A 


14-08-1997 


EP 0809307 


A 


26-11-1997 


JP 


9306439 A 


28-11-1997 








CA 


2205521 A 


21-11-1997 








CN 


1170782 A 


21-01-1998 


EP 0807984 


A 


19-11-1997 


JP 


9306441 A 


28-11-1997 








CA 


2205613 A 


17-11-1997 








CN 


1167841 A 


17-12-1997 


EP 0725453 


A 


07-08-1996 


AU 


690921 B 


07-05-1998 








AU 


7708894 A 


08-05-1995 








AU 


5646198 A 


21-05-1998 








CA 


2174637 A 


27-04-1995 








CN 


1137332 A 


04-12-1996 








WO 


9511527 A 


27-04-1995 


EP 0607675 


A 


27-07-1994 


CN 


1100564 A 


22-03-1995 








0E 


69305061 D 


31-10-1996 








DE 


69305061 T 


27-02-1997 








ES 


2092237 T 


16-11-1996 








JP 


7134976 A 


23-05-1995 








US 


5418083 A 


23-05-1995 


EP 0494504 


A 


15-07-1992 


JP 


4249854 A 


04-09-1992 








DE 


69108217 D 


20-04-1995 








0E 


69108217 T 


20-07-1995 








US 


5238757 A 


24-08-1993 





u For more <tetaits about this annex: see Om^ Jourrutf ol trie European 



19 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 



Id FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



yi LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




MAGE CUT OFF AT TOP, BOTTOM OR SIDES 




